Concentrations of cycloheximide as low as 3 jug/ml inhibited incorporation of labeled orotic acid or uridine into RNA cytidylic acid of soybean (Glycine max) hypocotyl sections. Even lower concentrations of this well known protein synthesis inhibitor interfered with conversion of labeled cytidine into RNA uridylic acid. Both cycloheximide and puromycin inhibited absorption of 3H-phenylalanine and its incorporation into protein, but puromycin did not significantly affect the labeling patterns of RNA cytidylic and uridylic acids when orotic acid-6-"C was fed. Results give further support to the hypothesis that cyclohexinide inhibits the interconversion of uridine and cytidine nucleotides, presumably by acting as a glutamine antagonist in the glutamine-dependent reaction catalyzed by cytidine triphosphate synthetase.
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We previously found that cycloheximide greatly reduced the incorporation o1 orotic acid or uridine into RNA cytidylic acid in cocklebur leaf discs, while having little or no influence upon conversion of either precursor into uridylic acid of RNA (9) . Furthermore, when incorporation of labeled cytidine into RNA was studied, cycloheximide markedly decreased the labeling of RNA uridylic acid and increased that in RNA cytidylic acid (9) . Realizing the close similarity between the glutarimide portion of CH and glutamine (a reactant in the conversion of UTP to CTP in bacteria), I proposed (9) that CH2 inhibits the interconversion of UTP and CTP by acting as a glutamine analog. In fact, azaserine, a well known glutamine antagonist (12) , causes the corresponding effects on the RNA cytidylate and uridylate labeling patterns of bean leaf discs when either`4C-orotate or cytidine is fed (10) . However, the conclusion (9) for 20 min at about 5 C, all RNA containing insoluble residues were further washed with 0.2 N HCIO4 to remove additional unincorporated nucleotides. RNA was digested in 0.3 M KOH and measured spectrophotometrically after neutralization with HClO4. Cytidylate and uridylate were separated by paper chromatography as before (9) , and radioactivity in each was measured with a liquid scintillation counter.
Incorporation of L-phenylalanine-3-2H into a trichloroacetic acid-insoluble fraction was used as a measure of protein synthesis. Tissues were rinsed and then homogenized at top speed for 1 min with the Polytron. The grinding medium (12 ml) contained 0.5 mm phenylmethanesulfonyl fluoride to inhibit proteases and 0.5 mg/ml L-phenylalanine; it was adjusted to pH 9 with KOH. After centrifuging the homogenates at 27,000g for 20 min, 50 ,ul aliquots of each supernatant fraction were pipetted onto 1.6 cm square Whatman No. 3 MM papers. Half of the papers were dried immediately for total 'H measurements. The other half were washed to remove unincorporated 3H-phenylalanine and other nonprotein metabolites by the filter paper disc method of Mans and Novelli (5) . Remaining WI was considered to represent that in protein. Table I shows the influence of two concentrations of CH upon absorption of uridine-2-'4C and its incorporation into cytidylic and uridylic acids of RNA. Neither concentration significantly affected uridylate labeling, but incorporation into cytidylate was inhibited so that the cytidylate/uridylate labeling ratios were reduced. Table II Table III shows that CH also inhibited conversion of orotic acid into RNA cytidylate, thus again lowering the C/U ratio, but that glutamine did not overcome this effect. Glutamine by itself, however, did significantly raise the C/U ratio; similar results have been obtained with bean leaf discs (unpublished data).
RESULTS
It was considered unlikely that CH affects the C/U labeling ratios because of interference with formation of CTP synthetase, since for this enzyme to become limiting its half life would probably have to be much shorter than those of most other plant enzymes known (2) and shorter than those of the other nucleotide synthesizing enzymes which appear to be unaffected here. This interpretation is supported but not proven by results of an experiment in which the influence of 0.5 mM puromycin on C/U labeling ratios was studied. In a 2.3-hr experiment with orotic acid-6-"C, puromycin inhibited total 14C absorption by 41 %, 14CO2 release by 29%, and labeling of RNA by 45%, but had no significant influence upon C/U ratios. The C/U ratios were 0.36 + 0.02 for the controls and 0.35 0.03 for the puromycin-treated sections. To be sure that puromycin was inhibiting protein synthesis under these conditions, experiments were performed in which incorporation of 'H-phenylalanine into a trichloroacetic acid-insoluble form was measured. Comparisons were made with the ability of 1.2 and 4.8 ,ug/ml CH to inhibit this incorporation. Results are in Table IV . Puromycin inhibited absorption of 'H-phenylalanine so much that an effect on protein synthesis is most easily noted by inspecting the ratios of cpm in the water soluble and protein fractions. If these ratios are compared, puromycin appeared to inhibit protein synthesis by 37%. Cycloheximide inhibited absorption of phenylalanine and the efficiency with which it was incorporated into protein more than did puromycin, even at 1.2 jig/ml (4.25 /,M). Thus, although both inhibitors interfered with protein synthesis, only CH significantly affected the C/U ratios.
A possible interpretation of these results is that cycloheximide acts as an antagonist of glutamine. Several results of others supporting this were discussed earlier (9) , and the results of Oaks and Johnson (7) make it even more likely. They found that azaserine and CH acted similarly in causing an accumulation of glutamine-'4C and a reduction in the amount of asparagine-24C when maize root tips were fed acetate-2-24C.
Asparagine synthesis is considered to require glutamine as the amide donor to asparate (8) .
A hypothetical mechanism by which CH might inhibit glutamine-dependent reactions would involve in vivo hydrolysis of an N-C imide bond in the glutarimide ring, then irreversible attachment of a resulting carbonyl carbon to sulfur in the sulfhydryl group of the enzyme to which glutamine normally forms an identical bond. Such a mechanism has been proposed to account for the irreversible inhibition of bacterial CTP synthetase by azaserine (4) and other glutamine-dependent enzymes by either azaserine (1) or albizziin (11) . Evidence to support this hypothesis will require purification of CTP synthetase from plants, a task which neither we nor apparently others have yet been able to do. Regardless of the mechanism, I emphasize that low concentrations of CH have effects on plant metabolism apparently independent of protein synthesis. Should the levels of CTP be sufficiently depleted, synthesis of RNA and various membrane lipids (6) by reactions requiring CTP will also ultimately be affected. Altered membrane synthesis should rapidly lead to abnormalities in growth and development, regardless of whether CTP production is influenced by the proposed glutamine-analog action of CH or by its well recognized inhibition of enzyme synthesis.
